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The comparison between learning from linear and circular boards is particularly interesting because the circular board includes several of the same cues to magnitudes that are available on the linear board --auditory, kinesthetic, and temporal cues -and the validities of these cues are identical on the two boards. The only cues that that are different when playing the game on the two boards are those of linear distance traveled and spatial end point in the direction of motion. However, such spatial cues are highly salient for young children, as indicated by their strong reliance on them on number conservation, liquid and solid quantity conservation, relative time judgment, and relative speed judgment tasks (Levin, 1977; Piaget, 1952; Siegler & Richards, 1979) . This tendency to rely on spatial cues to judge relative numbers, amounts, times, and speeds may be part of a general tendency to think of quantitative dimensions in ways akin to a mental number line oriented horizontally in space.
Extending the representational mapping hypothesis further, the greater learning that is predicted for children who play the game with the linear board should be specific to tasks that assess knowledge of numerical magnitudes. There was no reason to predict that the linear board would promote greater improvement than the circular board in counting or in numeral identification, because those skills do not depend in any obvious way on a linear representation of numerical magnitudes. Instead, the linear board and the circular board were expected to be equally effective in promoting learning of counting and numeral identification, because playing the game on them requires identical counting and numeral identification activities. No cues that seemed likely to contribute to either skill were present on one board but not the other. Thus, the first major prediction of this study was that experience with a linear board would produce greater learning than experience with a circular board on number line estimation and numerical magnitude comparison tasks.
The second major goal of the present study was to test the prediction that forming a linear representation of numerical magnitudes should improve young children's ability to learn answers to arithmetic problems. As noted previously, the knowledge of numerical magnitudes of many preschoolers from low-income backgrounds is very poor. Even their knowledge of the rank order of numerical magnitudes is shaky. When comparing the magnitudes of pairs of numbers from 1-9, a task on which perfect accuracy requires only knowledge of the rank order of the numbers, the low-income 4-and 5-year-olds in Ramani and Siegler (2008) only answered 70% of problems correctly (versus a 50% chance level). If children do not even know the rank order of Board Games and Numerical Knowledge 10 the magnitudes of numbers, learning arithmetic is reduced to learning nonsense syllables; there is no more reason that 3+3=6 than 3+3=2.
Linear representations of numerical magnitudes seem likely to help children learn arithmetic because such representations maintain equal subjective spacing throughout the entire range of numbers, thus facilitating discrimination among answers to different problems. At least two prior findings are consistent with the hypothesis that linear numerical magnitude representations facilitate arithmetic learning. First, linearity of number line estimates is positively correlated with arithmetic proficiency among first through fourth graders (Booth & Siegler, 2006; . Second, representing the magnitudes involved in arithmetic problems by displaying on a computer screen horizontally oriented bars whose lengths are proportional to the sizes of addends and sums facilitates first graders' learning of the sums (Booth & Siegler, 2008) .
Playing the linear number board game was expected to produce a greater increase in correct answers and also errors that are closer to the correct answer than playing the circular board game.
Increasing percentages of "close miss" errors among children who had played the linear board game would be particularly strong evidence of the importance of numerical magnitude representations in learning arithmetic. Why else would children who earlier had played the linear board game, but not children who earlier had played the circular game, increasingly retrieve answers close to the sum that the experimenter had not cited as the correct answer to the problem and decreasingly retrieve answers further from the sum that the experimenter also had not cited as correct?
A third goal of the present study was to examine whether playing the board games produced greater learning than engaging in other types of numerical activities. Prior studies used a control condition in which children played the same board game but with colors rather than numbers in the squares. Thus, a child might spin a spinner and say, "red, blue" rather than "7, 8."
This condition controlled for a variety of plausible alternative hypotheses -time spent interacting with the experimenter, time spent moving a token in a careful one square at a time manner, intervening numerical experience in the classroom -but it did not indicate whether other numerical experiences of the types that occur most often in preschools might be just as useful or more useful than playing the linear number board game.
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Three relatively frequent numerical activities in preschool are reciting the counting string, counting objects, and naming numerals (Ginsburg & Russell, 1981; Saxe, Guberman, & Gearhart, 1987) . These are often conducted as group activities, and feedback regarding individual children's correctness or incorrectness does not appear to be common. To determine whether playing numerical board games had effects above and beyond those of such common preschool activities, we provided children in the numerical control activities condition with counting and numeral naming tasks similar to those that are common in preschool classrooms.
The prediction was that playing linear numerical board games would lead to greater learning of numerical magnitudes than engaging in these control activities, which do not require understanding of numerical magnitudes. Thus, playing the linear numerical board game was expected to lead to superior performance on the number line, magnitude comparison, and arithmetic learning tasks. No prediction was made for the numeral identification and counting tasks, because all conditions required children to engage in such activities.
A fourth goal of this study was to more deeply understand how individual differences influence learning of numerical information. This goal subsumed two related issues: stability of individual differences over the course of learning for the entire sample, and relations of the learning of children below and above the median in initial knowledge. Relevant to the first issue, Ramani and Siegler (2008) found that individual differences in pretest performance were stable on both a posttest that followed two weeks of linear board game experiences and on a follow-up test two months later. That is, the same children who scored highest on the pretest also scored highest after the learning experiences, even though both children toward the top of the distribution and those toward the bottom learned a considerable amount between pretest and posttest. We wanted to test whether the same stability of individual differences would be present under two novel experimental conditions -circular number board game and numerical control activities -that were examined in the present study.
The second issue was the relative learning of children above and below the median in initial knowledge. Even if the same children were highest in numerical knowledge before and after game playing experience, the gap between children of greater and lesser knowledge might increase, decrease, or remain unchanged. Learning might be greatest among children who already have a reasonable amount of numerical knowledge (the often observed rich get richer effect); it might be greatest among children whose initial knowledge is especially poor (a Board Games and Numerical Knowledge 12 catching up effect, perhaps due to the experimental experience constituting a higher proportion of these children's total numerical experience); or it might be independent of initial knowledge (similar experience leading to similar learning). This issue was important for practical as well as theoretical reasons; the findings could help determine if an identifiable subset of children, in particular those with little initial knowledge, did not learn much from playing the board games.
Such a finding would trigger efforts to improve the games so that these children too would benefit.
Method

Participants
Participants were 88 preschoolers (56% female), ranging in age from 4 years 0 months .52, 55% female, 31% African-American, 69% Caucasian). An additional 3 children (2 in the circular board game condition and 1 in the numerical activities control condition) were presented the pretest but did not complete the experiment because they were absent for an extended period.
The experimenters were a female, postdoctoral research associate of Indian descent (the second author) and a female, Caucasian research assistant.
Materials and Procedure
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All of the preschoolers met individually with an experimenter for five 15-20 minute sessions within a three-week period. Sessions were held in either their classroom or an unoccupied room nearby. Each experimenter met with the same children for all sessions in the study, and with approximately equal numbers of children in each of the three conditions. Linear board game condition. A board 52 cm wide and 24 cm high was used in the linear board game condition. The name of the game, "The Great Race," was printed at the top of the board. Below the name were 10 equal size, different colored squares arranged in a horizontal array. Each square contained one number, with the numerical magnitudes increasing from left to right. The word "Start" was just to the left of the "1" square; the word "End" was just to the right of the "10" square.
The game also included a spinner with a "1" half and a "2" half, as well as a "bear token"
and a "rabbit token." The child chose the bear or the rabbit token before each session to represent his or her progress on the board; the experimenter took the remaining token. Due to children almost always choosing to go first, and that being a substantial advantage in this game, children won most games.
At the beginning of each session, the experimenter told the child that they would take turns spinning the spinner and that whoever reached the end first would win. Then the experimenter said that on each turn, the player who spun the spinner would move her or his token the number of spaces indicated on the spinner. The experimenter also told the child to say the numbers on the spaces through which the token moved. Thus, children who were on the square with a 3 and spun a 2 would say, "4, 5" as they moved.
If a child erred or could not name the numbers, the experimenter correctly named them and then had the child repeat the numbers while moving the token. One common error involved children not naming the numbers in the squares as they moved their token, and instead counting the number of squares they moved their token forward. Children who made this error would, if they were on the fourth square and spun a 2, say "1, 2" as they moved their token, instead of "5, 6." When children erred in this way, the experimenter reminded them to name the numbers in the squares as they moved. If the child did not correct the error, the experimenter would point to and name the numbers in the squares, and then have the child repeat them as she (the experimenter) pointed to the squares. Preschoolers played the game approximately 20 times, with each game lasting about three minutes. Children were not told explicitly "that's right" or "that's wrong," but Board Games and Numerical Knowledge 14 the correction procedures in both the linear and circular board game conditions provided implicit feedback.
Circular board game condition. The only difference between the linear and circular board game conditions was the board itself. There were two circular boards, each divided into 12 wedges. Both were 38 inches high and 41 inches wide. Ten of the wedges, those located approximately at the locations of 2:00 through 10:00 on an analog clock, included the numbers 1-10 ordered consecutively. On one board, the numbers increased clockwise; on the other, the numbers increased counterclockwise. Also on the circular board were two wedges of the same size at the top of the board that did not contain numbers and that separated the numbers 10 and 1.
One of these wedges contained a picture of a tree and the word "Start"; the other contained a picture of a trophy and the word "Finish." The color of the wedge in which each number appeared was the same as on the corresponding square of the linear board. The procedure followed in the circular board condition was identical to that in the linear board condition. Half of the children in this condition played the clockwise version of the game (n = 15), and the other half played the counterclockwise version (n = 14). As with the linear board game condition, preschoolers played the circular board game approximately 20 times over Sessions 1-4, with each game lasting about three minutes.
Numerical activities control condition. Preschoolers in the numerical activities control condition were presented three tasks in a continuing cycle: number string counting, numeral identification, and object counting. Whichever activity would have been next at the end of one session was first at the following session. On the object counting task, children were asked to count a row of between 1 and 10 poker chips, with the exact number varying randomly. The procedures for the other two tasks --number string counting and numeral identification --were the same as those used to assess those skills on the pretest and posttest; they are described in the next section.
Each child in the numerical activities control condition was matched with a child of the same age (within 2 months) in one of the board game conditions. The length of each session for each child in the numerical control condition was equated with that of the matched child. Thus, if a child in a board game condition played the game for 16 minutes in Session 2, the matched child in the numerical activities control condition also engaged in those activities for 16 minutes in Board Games and Numerical Knowledge 15 Session 2. General praise and encouragement were presented periodically, but no specific feedback regarding correctness was presented in this condition.
Measures of Numerical Knowledge
At the beginning of Session 1, children were administered a pretest that included five numerical tasks, presented in the order: counting, number line estimation, magnitude comparison, numeral identification, and arithmetic. At the end of Session 4, a posttest was presented that included the first four of these tasks in the same order as on the pretest. The posttest for the remaining task (arithmetic) was presented at the end of Session 5, after children had been presented opportunities to learn previously unknown answers to arithmetic problems.
Counting. Children were asked to count from 1 to 10. Counting was coded as correct up to the first error (e.g., if a girl counted "1, 2, 3, 4, 5, 6, 8, 9, 10," her score was 6).
Number line estimation. Children were presented 18 sheets of paper, one at a time. On each sheet was a 25 cm line, with "0" just below the left end, and "10" just below the right end.
A number from 1-9 inclusive was printed approximately 2 cm above the center of the line, with each number printed on 2 of the 18 sheets. All numbers from 1-9 were presented once before any number was presented twice; the nine numbers were ordered randomly both times. Children were told that they would be playing a game in which they needed to mark the location of a number on a line. On each trial, after asking the child to identify the number at the top of the page (and helping if needed), the experimenter asked, "If this is where 0 goes (pointing) and this is where 10 goes (pointing), where does N go?" Numerical magnitude comparison. Children were presented a 20-page booklet, each page displaying two numbers between 1 and 9 inclusive, and asked to choose the bigger number. The experimenter first presented 2 warm-up problems with feedback, followed by 18 experimental problems without feedback. The 18 experimental problems were a randomly chosen half of the 36 possible pairs. On the warm-up problems, the experimenter pointed to each number and asked (e.g.), "John (Jane) had one cookie and Andy (Sarah) had six cookies. Which is more: one cookie or six cookies?" On the two warm-up problems, the experimenter corrected any errors that were made (e.g., "Actually, six cookies is more than one"), and repeated the problems until the child answered them correctly. On the 18 experimental problems, half of the children within each condition were presented a given pair in one order (e.g., "Is six cookies more than three cookies") and half in the opposite order ("Is three cookies more than six cookies.")
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Numeral identification. The task involved 10 randomly ordered cards, each with a numeral from 1-10 on it. On each trial, the experimenter held up a card and asked the child to name the numeral.
Arithmetic problems and training. The arithmetic pretest was composed of four addition problems, presented in the order: 2+1, 2+2, 4+2, and 2+3. Children were asked, "Suppose you have N oranges and I give you M more; how many oranges would you have then?" As on the other pretest and posttest tasks, no feedback was given.
At the beginning of Session 5, children received training on the first two arithmetic problems that they had answered incorrectly on the pretest. The training involved presenting the two problems and their answers three times in alternating order. For example, children who erred on all four problems on the pretest were presented 2+1 and 2+2 in the first cycle of Session 5, 2+2 and 2+1 in the second cycle, and 2+1 and 2+2 in the third cycle. The problems were presented in the same "oranges" context as on the pretest. Children needed to answer each problem within 5 s; if they failed to do this, they were prompted to answer. On each trial, after children stated their answer, they were asked to explain how they obtained that answer. Then, they were given feedback and told the right answer. For example, on 2+2 they were told either "That's right; 2+2 is 4" or "No, 2+2 is 4." The children's explanations indicated that on almost all trials (96%), they retrieved the answer from memory or guessed. After the third cycle of feedback problems, children received the addition posttest, in which they were presented the same four problems in the same order as on the pretest and asked to state the answer.
Results
Preliminary analyses comparing the performance of children who used the clockwise and the counterclockwise circular boards indicated no differences on any measure. Children who played the clockwise version scored directionally higher on three posttest tasks and directionally lower on the other two. Therefore, no distinction between the two circular boards was made in further analyses. Preliminary analyses examining age differences also did not reveal any differences; therefore, age was not included in further analyses.
Multivariate Analyses
We first examined multivariate effects of condition and session across number line estimation, magnitude comparison, counting, and numeral identification tasks (arithmetic performance was not included because the MANOVA was intended to measure direct effects of Board Games and Numerical Knowledge 17 playing the board games, and arithmetic performance reflected subsequent experience with the addition problems). For the magnitude comparison and numeral identification tasks, the dependent measure was number of correct answers. For the counting task, the dependent measure was number of numbers counted correctly before the first error. For the number line estimation task, two measures -linearity and slope -were included, because they provide somewhat different types of information. The ideal function relating actual and estimated magnitudes on the number line test is perfectly linear (R 2 lin = 1.00) with a slope of 1.00. However, estimates can increase in a perfectly linear function with a slope far less than 1.00, and estimates can increase with a slope of 1.00 but not fit a linear function very closely. 
Counting
There were no significant effects on the counting task. The reason was simple --almost all children in all three conditions were at ceiling on both the pretest and the posttest. That is, almost all children counted to 10 without an error in the linear board game condition (90% of children on the pretest and 93% on the posttest), the circular board game condition (90% of children on the pretest and 97% on the posttest), and the numerical control condition (86% of children on both pretest and posttest).
Numeral Identification
Number of correct numeral identifications varied with session, F(1, 85) = 18.80, p < .001, 23. In contrast, the numeral identification skills of children in the numerical control condition did not improve: 6.6 correct on the pretest and 6.8 correct on the posttest. There was no difference among the three conditions on the pretest (6 versus 6.6 versus 6.6 correct identifications) or on the posttest (7.3 versus 7.3 versus 6.8). However, the pretest-posttest changes suggested that playing both linear and circular board games led to improvements in numeral identification.
Arithmetic
In analyzing the arithmetic data, we examined both number of correct answers and absolute error (the absolute value of the distance of the child's response from the sum). These analyses were limited to the two items on which children received training; there were no differences in performance on the two non-trained items.
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To determine whether prior experience influenced subsequent learning of answers to arithmetic problems, we first examined whether the number of arithmetic problems that children in the three groups answered correctly differed after the arithmetic training. Two children were excluded from these analyses -in one case because the child answered all four problems correctly on the pretest, and in the other due to experimenter error.
Children who earlier had played the linear board game answered more addition problems correctly after training on them than did children who earlier had played the circular board game (45% vs. 30% correct) or children who earlier had engaged in the numerical control activities (45% vs. 28% correct), X 2 (4, N = 86) = 11.46, p < .05. Number of correct answers in the circular board game and numerical activities control groups did not differ. The absolute amount of learning by children in the linear board game group -from 0% correct on the pretest to 45% correct on the posttest -was quite impressive given the brevity of the training.
Analyses of absolute error on the arithmetic problems yielded similar results. Among children who had played the linear board game, the absolute error on the arithmetic problems decreased from pretest to posttest, mean error = 2.3 versus 1.1, t(29) = 2.93, p < .01, d = .78. In contrast, there was no change in absolute error among children who had played the circular board game (mean error = 1.9 versus 1.7), or among those who had engaged in the numerical control activities (mean error = 2.2 versus 3.6). No differences in mean absolute error were present among the three groups on either the pretest or the posttest (pretest means = 2.3, 1.9, and 2.2; posttest means = 1.1, 1.7, and 3.6). The large difference in posttest means made the lack of a significant difference surprising. The main reason appeared to be that two children in the numerical activities control group generated extremely inaccurate estimates on the posttest, which inflated the within group variance. When a square root transformation was applied to all of the data to reduce variability, posttest addition answers of children who had played the linear board game tended to be more accurate than those of peers who had engaged in the numerical control activities, t(57) = 1.88, p = .07, d = .49.
These analyses include trials that children answered correctly (where their absolute error was 0), as well as trials that involved errors. To determine whether there were differences in the quality of errors per se, we compared the absolute error on the 55% least accurate answers in each condition on pretest and posttest (the percentage of answers that were erroneous for all three groups at both times of measurement). A Kruskal-Wallis Test indicated that on the pretest, Board Games and Numerical Knowledge 42 
